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Soliton tranrmission
Nonlinear adiabatic compression of transformlimited -5ps pulses generated by a chirp-compensated electroabsorption modulator operating at IOGHz is demonstrated using dispersion-decreasing fibre. ZOOfs soliton pulses are generated with no pedestal component.
Electroahsorption (EA) modulators have been shown to have modulation depths of >30dB and, when driven sinusoidally at multigigahertz frequencies, to produce short pulses with envelopes close to the sech' profile [I] . In general the pulses produced by EA modulators tend to have a degree of chirp, and some form of dispersion compensation is required to generate transform-limited soliton-like pulses with no pedestal [2] . Recently we have demonstrated the generation of transform-limited -5ps pulses at a repetition rate of IOGHz using a packaged multquantum well EA modulator in conjunction with a compact dispersive transmission filter incorporating a chirped fibre Bragg grating [3]. For a number of applications, such as ultrahigh-hit-rate optical multiplexing, optical sampling. and all-optical switching, it is desirable to generate shorter pulses. In this case external nonlinear pulse compression techniques can be exploited. One technique that has proven to be highly successful is that of soliton-like pulse compression in an optical fibre whose dispersion decreases along its length [4 -61. To achieve high-quality pedestal-free soliton compression, however, it is necessary for the input pulses to be of high quality (i.e. transform-limited and soliton-like) and for the dispersion to vary at a rate such that the pulses experience adiabatic compression. Suzuki el al. demonstrated the nonlinear compression of the pulses from an EA modulator in a dispersion-decreasing fibre (DDF) down to 2.5ps [7], hut the compressed pulses were accompanied by wings and a considerable pedestal, indicating that adiabatic soliton-type compression in the DDF was not realised in this experiment. In this Letter we report the adiabatic nonlinear compression of the pulses generated by our modulator/chirped fibre Bragg grating source (described in more detail in [2]) in a dispersion-decreasing fibre. Fig. 1 shows the experimental setup that was used. Approxi-
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mately ImW from a DFB laser diode at 1 . 5 6 2 5 p was coupled into an InGaAsPiInGaAsP MQW electroahsorption modulator. This was driven electrically with a DC reverse bias of -7SV and a sinusoidal R F modulation at IOGHz with an estimated maximum peak-to-peak voltage of 8V into 5 0 0 . The optical signal generated was then amplified in an erbium fibre preamplifier and transmitted through the dispersive transmission filter consisting of a polarisation division multiplexing coupler, a thermally chirped fibre Bragg grating with a bandwidth of 1.75nm and two polarisation controllers.
Transform-limited pulses of 5 -6ps were generated after chirp compensation. The pulses were then amplified in a second diodepumped erbium amplifier to a power level of -200mW and propagated through -Ikm of standard fibre followed by 1.6km of dispersion-decreasing fibre. The DDF used had a diameter of l 6 0 p at the input and l l 5 p at the output end, and the dispersion/ length profile was designed to have a hyperbolic form. The dispersion measured at 1.55p.m varied between IOps/nm/km at the input and O.Sps/nm/krn at the output. The length of standard fibre was included to allow a small degree of soliton-like pulse compression and optimise the duration of the pulses injected into the DDF to -4ps. This reduced the magnitude of the pedestal present in the pulse after the DDF. On emerging from the DDF the pulses were measured using a scanning hackground-free autocorrelator and optical spectrum analyser. Fig. 2 shows the autocorrelation trace of the pulses from the chirp compensated modulator before being launched into the compressor fibres. The pulse duration was 5.2ps and the pulses were transform-limited with a time-bandwidth product of 0.32. Fig. 3 shows (a) the autocorrelation trace and (b) the spectrum of the pulses on exiting the DDF. The pulses have been compressed to <200fs (the shortest pulse duration we measured after optimising all parameters was 189fs) and the spectrum broadened to 14nm. This results in a time-bandwidth product of 0.32. as is expected since adiabatic soliton-like pulse shaping has taken place. The inset to Fig. 3a shows the autocorrelation trace on a logarithmic scale and shows that the autocorrelation has a background level of ~0 . 5 % (-23dB) . Note that the spectrum has shifted by -5nm due to the Raman self-frequency shift. The narrow line present in the pulse spectrum is due to some residual light at the carrier frequency of the DFB laser diode. This could be filtered out using a narrowband side-tap fibre Bragg grating [8] . As the design of the DDF is optimised for a specific input pulse duration and power and provides a fixed compression factor. it is not possib:e to tune the duration of the output pulses by simply adjusting the launched power or duration. It is possible, however, to spectrally filter the 200fs output pulses and hence generate longer pulses of any desired duration. We have generated transform-limited pulses of various durations using this method. These results will be reported in more detail elsewhere.
In conclusion, we have demonstrated the adiabatic soliton-like compression of optical pulses derived from a chirp-compensated electroabsorption modulator in a dispersion-decreasing fibre by a factor of -28 down to durations as short as 189fs. The output pulses were optical solitons, and therefore had bandwidth-limited sech' intensity envelopes, and effectively had no background component. To our knowledge these pulses are 13 times shorter with a duty ratio 20 times smaller than the lowest reported results achieved using an EA modulator and nonlinear pulse compression ~71.
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